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2%reviOB% presented); frcccivflr ^paratus 4or aigifcl signals of a; 

A 

multapa& disic^kHV saidi^iver apparatus cajfipriskig: 

a iWver'66fit-€Dd scesmetib&fbt respc^ng to any selected one of said < 

muftipatb aistoriioiv thereof; 

demodtti^r a^ ccmnecteil to receive 



an ana 



nalyzer for generafe^ discrete Fourier transforms of successive^ttions ofsaid 
%i^t*aseba^ sig^tfrom 
satd demodulator ami oversaaijitittg analog^io^igital conversion circuitry ; 



3igilal*asd>and signal, «am^«n^%-Te^pecdyc ones an afdaptivr.set bf.weig 



cjset of v^Ij^Tto® cwfficients 
* A 



to generates sero£p^^ 
said <Sgitall>aseband signal; 

appar&ws for generatiiifc to tespo&se to ^ ^isirete^ouner ^fonas of successive portions 
of said di^tdtaseband ^ d^id &at jnoviae a sailing window movit «^^J a succession df 
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a synthesizer filter coflnected for receiving said set of products from said bank dfmuMpliers 
ai^^^Qetatkig ^ihete&om ^afl equalizer ^response as the inverse discrete -Fo\Hierti^ibrm of said 
discrete Foiiri^lrahsform of said equalizer response describedfcy said set byproducts; 

a decimation filter comiec^ fbr re^inpiing raid ^qpjsSizer resfmnse supplied -firom said 
synthesizer 'Slier to generate as a decim^on filter rapo^ an equdized digital ^baseband signal 
^e-sampiea at s&a^>re^)^ 

de**)kling qjpai^ a idata 

stream. 

2S(prevIously^presen[te^[. Mlq receiver apparatus of claim 24, Wherek said appals Tor generating 
said adoptive set o^weitghting coefficients for use by said bank of multipliers comprises: 

estimation circuit an 
oversampling-rate est^ accordance with wliicb 

said selected one of saii dipt^ signals was generated; 

agpa&tusito comptoi^^ of said 

oversarophng-rate estimation of the baseband digital modidating signal in accordance with which 
said selected one of said digital signals was generated, vvhich successive portions of said 
oversampling-iate estfama&m of the baseband digital modulating signal eorrespoi^ with respective 
iShies of Said Succ^iVeip^ sj^nafxised for computing discrete Courier 

transfonns in said apparatus for computing the discrete Courier Iransforms of successive, portions of 
said digital-baseband signal; 

read-only memory for Coring a dlscreteFourier^ of ideal teceptadh 
dtannel response; 
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r compuier ■^miibGj^ of said set of 

^ Waiting coeiiicieaivt^^ of each of said discrete 

Foun^iraosforaB of successive port ions of smd o versan^ing-rate estimation of &e baseband 
digfelTTwdulatrng signs31>y said discr^ Fonriert^ 
cbaimel response as read from said -xead^i% 

divisi<in of die re from Apportion of said 

digital baseband signal t^nesponding widi drat said successi vepdrtion of said oversampling-rate 
estimation of *e b 

transform thereof used In said term^ ther$>y generating one Of 

successive discreteFourier transfer descriptions Of said adaptew set of ^ghiing cck&kierifc; and 

A 

a feaxlk of digital iowpass filters for anoothing resistive rguitmg t<^s of said successive 
discrele^ouri€y3ran^fGnn desciiptiiMisof said nf^yti^'o seio^wtfiglitingeoigBBcjents^ ^generate 

weighting coefficients. 



26^previousiy presented). Hie receiver apparatus of claim 24, wherein said apparatus for 
generating said adaptive setof w<£ghting coefficients for use -fey said Iwrflc of multipliers composes; 

i A 

es^matJOn circuitry responsive to said decimation ^Iter t^ponse ^for generating a 
f^jguist^filtaned ovcrsk^Iing^iate e^£unatioii of &e^se$^ signal in 

accordance with whidh said setectedone of said digital signals was generated; 

apparamsfc^ computing d 
Nyquist-filtered oversampiing-rate estimation of the baseband digital modulating signal in 
accordance with which said selected one of said digital signals was generated, wftrch successive 
.portions of said ?<Jyqaist-filtered oversampling-rate estimation of the baseband digital modulating 
signal correspond with respective ones of said successive portions of Mid digital baseband signal 
i*S€*ICor computing disere*e#ourier transforms in said apparatus for computing the discreieiFouner 
transforms of successive-poitions of said digital baseband signal; 
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pompider circuitry -for generating discrete Fourier transform descriptions of said set of 
^^i^bting coeffkknts^thro^^ of each of *ihe discrete founar 

"ti^f*ifts <>f suc<*sSiV0 |wrfid&s of ^^y^iM^fxi^^ ^vgrsaa^lihg-rate estimation of &e 
sbase'baiKi digital modulaipg signally :&e discrete :Foraier transform of ihe COTesponi&ig portion of 
said digital $a$d^^ one oTsuccessive^iscit^ descr^Sons of 

said *ik$tt¥* set tf^dgjftmg coefficient; and 

a bank of d^tal4o*ypass fitters for 5nu>b*h^ ^ successive 
discrete Fourier transform descriptions of said a daptiv e set of .Weighting cocfficieQts to generate 
tespec&velowpass fitter responses ap$ied to $ald3>arik ^m^Skxs as said adaptive set of^ 
weipdng coeffici^its. 



/4 r* c * et "' €n 

27^reviously-presoited). ftoobi vor apparatus for digital signals of a prescribed band Tate 

A 

teuismitted$y*e^^ a medium subject to 

mu^ 

ai^eiv&S^^ 

,transmitted;by respective an^lttude-modiflated radio-frequency earners through said meiiium 
subject to ffluifi to generate aa ampTtode-modulated Me^edi^-^u^cy earner 

:&at Ss ampflitude^modulated in accordance with said selected one of said digital signals m& any 
inutt^patth distOT^on iheredf, 

analog-to-digital con version circuitry connected to receive as its respective input signal said 
ampfitode-modiila^ eanSer ^from said receive fioitt-^nd ai^to su^iy^ ^ 

an oversainpling rkte hi^er lhan said prescribed &aud rate, a digitized am^fa'tude-inoduiated 
mtenned3ate4&e<}uency carrier; 

manal}rcer^terfor general of successive portions of said 

digitized ainplitude-modu^ carrier, said analyzer Filler connected to 

receive said amplitude-modulated iritennediate^fireiquency carrier fiom said receiver fiont-ertd; 
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abank of miiltip^^ of said 

an^fito^ii^ canier,*OTaii>y Jena; by tegjecSve ones of^ AQdopfavc 

^set 6^w^^ting coefficieub'to generate a set of products describing She discrete youri^iransfonn 
of an equalizer response to said amplitude-incKMated intermediare-frequency earner; 

appara^ 6f successive ^portions 

of sakl amplauSe-mcKlul^ carrier th&;provide a sampling window moving 

forough a succession of diffCTeatpositions in each of successive data fields, said^dtiptive oct 6f A r 
weighting coefficients for use by saidbanfc of multipliers; 

a synthesizer fiJto connected for receiving said set ofjproducts from said bank ofmultipliers 

discrete -Foitricr transform of said equalizer response described by saad set bfptwiucts; 

digital syndferodyae circuitry connected to receive said equalizer response from said 
synShesizer filter and to supply a digital baseband signal at^oversaxnpling mtelii^er &an said 
>prescnbedbaud rate; 

a decimation €1tcr connected for re^san^lii^ said digital baseband sigmfl supplied torn said 
4>omodulQtor mid ov^gonmpltne imiflog i lo djgita l^^ to generate as a decimation 

filter response an equalized digital basd>and signal re-sampled at said prescribed baud rate; arid 

decoding apparatus connected for decoding said decimation #iiter response to recover a dam 

stream. 



28(previously presented). 3&e receiver apparatus of claim 27, wherein said apparatus for generating 
said successive sets o^d^ said bank of multiple 

-estimation circuitry responsive to said decimation filter response for generating an 
oversampling-rate estimation of&^baseband digital ^modulating signal in acconianc* with vftwh 
said selected one of said dig^ 



7 



Atty. Okt 3.ALKL03A Response to?* Office Avdon PATENT App. # Wf823 3 SO0 

a balanced amplitude modulator for modulating an overcampliiig-rate digital signal 
descriptive of an unmodulated intermediate-ire^ency canieriby saul oversarapiing-rate estimation 
of &e baseband digital niCrdulating signal nv ai^i^ihce with whkfc said seleetea one of said digital 
signals was generated, hereby to generate an oversampting-rate digital s^d^descriplSve of a 
siq>pressed-camer4ouble-sideband signal; 

an ideal A&annd^egx>nse ve&igial-sidi&ai^ vcs^gial-sideband filter 

1 response ito said ovei^mpiing^rate digital signal descriptive of the suppressed-carrier 
double-sideband signrii supplied to said vestigial-sideband fitter as its respective input signatby a 
connection from said balanced amplitude modulator; 

^ ^ji^l^^^^y^r ^iter %for conipulSfig discrete :F<HU^r transf6trr)S ofsuccjesisive portions of 
said vestigial-sideband filter response, which succcssivc^portions of said vestigial-sideband filter 
j&^orise^c^ 

intKniediaie^&equency cariier used for con^wting said dSscrete^Foui^ 

, computer circuitry for generating discrete F<toier transform descriptions of said set of 
^ writing coefficients, through tOTn4)y^oarc^ponding-tenn division of -each tff the discrete Fourier 
transforms of successive jwilions of said vestigial-sideband filter response by She discrete Fourier 
transform of the c<kre^ondii^:portion of said digitized amplitude -moduiated 
ilitaMMe-ft^u^fcy Carrier, *^>y.^«faifihg Ofte tff Successive i3is^teTm»ier ^^Tonn 
descriptions of said .a daptive set b^weij^tmg coefficients; and 

a bank of digital lowpass filters for smoothing respective resulting terms of said successive 
discrete Fourier transfonn inscriptions of said «*dupti vm, set of A wefghtirig coe^Scients to generate 
iropectiveiovgjass filt^ responses applied to said bank of multipliers as said adaptiv e set of A 
f westing coefficients. 
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29(ourrently amended). ■ Rocoivcr a jpparalus for digital signals of a pres<$^ 

A 

-by respective amplitude-modulated radio-frequency carriers throu^ a medium subject 
distortion, said receiver apparatus comprising: 

a recti ver iront-cnd connected for respondmg to any selected one of said digital signals 
traasnuttdl by xespwli ve ampUtudermodulated radio^fi^ueacy carriers through said medium 
subject to multipa th (Jistoition, to generate an ampfitude-modulate^ to 
*hai is i^MtodeHmodulated in accordance with sail selected one of said digital signals and any 
muttipath distortion thereof, 

a first adaptive digital filter of weighting coefficients &at can be 

adjusted, said first adaptive digital filter connected lor supplying a first adaptive digital filter 

to ^ carrier generated by said receiver 

femtnerid as amplitud e modulated in accordance with said sel e ct e d on e of said digital signals; 

apparatus for confuting respective ^ 
;^>oaioas of said amplitude-nK>dulated in^ earner fliat is amplitude-modulated in 

accordance with said seiecied^w^ said 
successive portions of said amplitude-modulated intermediate-frequency carrier pmv idmg a 
sampling window moving through a succession of different positions in each of successive data 
fields; and 

apparatus -for computing the Weighting coefficients of said first adaptive digits filter so aisto 
suitress an tin wanted portion of said first adaptive distil filter re^nse^sing^fiomlhe amplitude 
of sid amplimde-modulated imennediate-freq^ carrier being modulated in ac^^ with 
muitipath distortion of said selected one of said digital signals, with the computations of said 
weighting coefficients ibe^fo 

said amplitude -motiiilated intermediate -frequency earner providing said sampling window moving 
through said succession of different |K>^tions1n ea<^ of said successive data fields. 
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30(pre\3ou% presented) . The receiver apparatus of claim 29, wherein said sampling window 
jTWying through^ succeissive data Sel&s-gener&ily 

advances a given number of samples a J time. 

3^^^^ously;preserited}* ^e receiver ^paratus bf^laim 29, wherein said sampling window 
moving ^i^^successioii of different.posilions in each of said successive data fields^eneraily 
tno v^;tilodc-by-3)lodc overconilguous swccessave pc«6ons of said amj^de-thodulated 
^eraiediate^&eqiiOTcy earner, 

32|pTe^oii^iy pTeseHled). tke receiver apparatus of claim 29, v^erem saMfest adaptive digital 
-filter is baseband lilta^and wherein said receitfer app^ius &rfher comprises, within said 
a|?pmtus fe^ succeissiVie|K>rtiofls of said 

aipplilude-modri^^ uency carrier Aat is ainplitude-modulat^^ with 

said selected one of said digital signals and any multipath distortion: 

demodulator and oversampling analog-to-dlgital conversion circuitry connected to receive 
said amplitude-modulated Mtenhediate-fieqaency earner Irom said receive ^OBit-tod and to supply 
-a-ifigitd'ftase^id'sign^ sampled at an oversampling ratey^ier ^an saidpresci^d^aud rate, 
v^hidigiM'baseband signal is applied as a respective input signal to said first adaptive digital 
filter; and 

apparatus for computing said discrete Fourier iransfonns from successive^Kwrtions of saiid 
digital baseband signal, Which successi ve^pordons 4f said digital 'baseband signsd re^pec^iviily result 
from demodulation ofsaid successi ve portions of said amplitude-modulated intermediate-frequency 
<^igr, said demodulator and ovei^m]piing'M'^g^o^^tig8 coffV^rSon circuitry :beihg connected to 
supply said digital *asd>and signal, to said apparatus for computing said discrete Courier iransfonns 
fram successi ve portions of said digital baseband signal 
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33^revi0iisly |)reseBle^. Jhe receiver apparatus of claim 32, wiereini&eterael of said first 
adaptive digital £fter&as weigh&ig coefficients at intervals corresponding wkh mteg^ai numbers of 
•half cycles of said oversampling rate, said receiver ^arains further comprising: 

a decimation fiber connected fer re-sanc^ting saa^ fn^ adaptive digital -filter response to 
generate a decimation filter response ;thai re-samples said digit&%asebahd signal to said;prescribed 
i>aud rate; and 

decoding apparatus connected for decoding said decimation filter response to recover a data 

stream. 

3<$<previously ^presented). 33ie receiver apparatus bF claim 33, as constructed I or ihe reception Of 
ves%ial-sidebarid digital televisiim broadcast signals, wherein said decoding apparatus comprises: 

trellis decoding ^jparatus for decoding said decimation filter response to ^generate 
tn3iis-#ecoded data, sai&treHis decoding apparatus fbeing connected to receive said decimation Fdter 
response^&om said decimation filter; 

a data de^interleaver for de-interieaving convolution! interleaving in said trellis-decoded 
data toigenerate a data de-mteSeaver response, said data de^iriterieaver^bemg connected to receive 
said trellis-decoded dataifrom said trellis decoding apparatus; 

Reed -Solomon error correction circuitry for connoting errors in said de-iritedeaver response 
jto recover randomized data, said Reed-ScSomon error conation c&ciiitry being connected to receive 
said data de^jnte^eav^Tesponse feoTn said data de-mterSeaver, and 

a data de-randomizer for de-randomizing said randomized! data to recover a transport stream 
■.for application to a fiirdier portion of said receiver apparatus. 
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35^feviouSly;^>resenied). The receiver apparatus of claim 33, wherein said ^aratus for 
computing the weighting coefficients of said first adaptive digital fiker comprises: 

^imaf km cireiaiiBry ^^nsivfe to siid decimafion fitter resfKmse for gew an 
oversampling-rate estimation oftfe^basebarid digM modulating signal in accordance with which 
said selected one of said digital signals was generated; 

apparatus for computing*}^ discrete Fourier transforms of successive portions of said 
<Wersampling-rate estimation of the baseband digital modulating signailin accordance wi*h which 
said selected one of said digital signals was generated, Which successive portions of said 
oversaxnpling-rale estimation of the baseband digital modulating signal correspond with respective 
ones of said recessive portw signal used for computing discrete Fourier 

transforms in said apparatus for c^n^pudngithe discrete Fouriertransforms of successive ipoitions of 
said digital baseband signal; 

readonly memory for storing a discrete Foiuierti^form characterization of idealrecep&on 
channel response; 

computer circuitry for generating discrete Fourier transform characterizations of Ae actual 
reception channel, through term-fcy-correspondingrterm multiplication of each of said discrete 
Fourier transforms of successive portions of said oversampling-rate estimation of the baseband 
digital! modulating signally said discrete Fourier transform characterization of idea! reception 
channel response as read from said read-only memory, 'followed by . term4>y-conresponding-term 
division of the resulting produatenms by the discrete Fourier transform of the portion of said digital 
baseband signal corresponding with that said successive ^portion of said oversampling-rate estimation 
of ihelbaseband digital modulating signal generating said discrete Fourier ti*ansform thereof used in 
said terni-by-corresponding^term mt&iplication, foilowedfcy inverse discrete Foiu^ 
of ^resulting quotient terms to generate one of a set oT successive inverse discreteiFourier 
transforms; and 

a bank of digital lowpass filters for smoothing the terms of said successive inverse discrete 
Fourier transforms ;to specify the weighting coei&cients in &e&einel of said -first aidaptive dig^tail 
Biter. 
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3%3re^ous3y ^preseated). :iJie receiver apparatus of daini 35, where® said estimation circHflry 
comprises: 

a data slicer connected to xt^ive .saiS liec^ 
arid to supply u quantized decimation filter response; 

a symbol cod erf or recod^ 
baud-rate estinrito 

aniiae^&tto es^fialiy $iese*ves an its oiflpui sigial &e sj?sfe& 

iundlion described %^<itpiit : s^al J said irit)apiliafi^?filter cOTnect^SOTTeceiviag said 

baud-rate estim^nn df the/hnsehanri rdigftfll .vm ^ilating ^'iyi^l anil for supplying said 

oversaittpling-rate estimation of fee baseband 4ig&d modulating signal io said appsratiis for 
coh^uti% the discrete'Fouri^'.transfoni^ of siiccessive;|>ortions of said oversat^ing-tfate 
estimation of the baseband digital modulating signal in accordance with Which said selected one- of 
said digital signals was generated, 

37{peviously Resented), fie receiver apparatus of biaim 35, wherein said estimation circuitry 
comprises: 

a trellis decoder also included widiin said decoding appsuratus connected for decoding sdid 
decimafcon filter re$g?oioSe to recover saiid data stream, said trellis^de* connected to receive said 
decimaiM st^j^jpn^^ of symbol 

values as w£Tl as a fceflis decoder response; 

a symbol^ values sighted from said 

trellis decoder ite^oiisey tp^heMtc a baud^^ estimation bF%ei>aseband ^ 
signal; and 
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ianMeipolatira fi^ signal ibe system 

function described <in its -input sijpial connected for receiving said baud-rate estimation of fee 
'4>bs^)jbb3 d^td:nk4^tio^ "si^al and for sullying said o versampling-rate estimation of &e 
^baseband digital Trodulatrng si^nai to said ^paratus ftr xon^raing the discrete Courier transforms 
of successivenportions of said oversampiuxg-xaite estimation df3he£taseband digital modulating signal 
: ift &&gm£&^ said selected orie tff said digital signals Was gyrated. 

38t^viou^fy;presented). Hhe receiver apparatus of claim 35 3 wherein said apparatus for 
compifiing the dkcr^e 'Fourier lian^oi^ of. successive portions of each data field of said digital 
•^basefeaM wn^ow of said digitalteaseband si 

computation, and Wherein said apparatus for computing the .discrete Fouriier transforms df successive 
^portions of s^ sliding window of said 

oversamjSing-raie estimation for such computation. 

39^>revious!y^)resented). fhe receiver apparatus of claim 3% Wherein said apparatus for 
computing the wei^^ 

esgmation circuitry responsive^© said decimation filter response for generating a 
iNyqutst-fiJtered oversan^ling-raie estimation of A^l>aseband tligitai modulatiiig %nai in 
accordance with which said selected one of said digital signals was generated; 

apparatus for computing the discrete Fourier transforms of successi ve poMons of said 
: ^y^u?^filtered over^mf)Hng-rate estimation of the&a&Sband digital modulating signal in 
accordance with which said selected one of said digital signais was generated, wfcieh successive 
ipoitions of said Nyquist-Filtered oversampling-iate estimation of the baseband digital modiiiating 
signal correspond wi&Tespecfive ones of said successive portions of said digjt^baseband signal 
used for computing discrete Fourier transfonns in said apparatus for computing the discrete Fourier 
transforms of successive portions of said digital baseband signal; 
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computer circuitry for gener^ 
desired in said first adaptive digital filter through ieim4>y -HXHresponding-tenn division of each of the 
discrete f\>urierlransforms of successivt^partions ofsaid Nyquist-filtered oversai^iing-rate 
estimation of the baseband digital modulating signal by ihe discrete Courier transform of the 
conespondingpoition of said digital baseband signal, and thereafter generating inverse discrete 
Fourier transforms of said discrete Fourier transform descriptions of ^ 'kerne! desired in said first 
ad^tive digital filter, and 

aibarik of digital lowpass filters for smoothing the terms of said inverse discreteFourier 
transforms to specify the coefficients in the kernel of said first adaptive digital filter 

4^>reviously^>resented), 1%e receiver appar^ 
comprises: 

a data siicer connected to recttve said decimation filter response -from said decimation fitter 
and to supply a quantized decimation filter response; 

asyn&bi coder foTxecodir^g said quantized decimation filter respome 
estimation of the baseband digital modulating signal; and 

an interpolation filter connected for receiving said baud-rate estimation of the baseband 
digital modulating signal and supplying said Ity^ of ihe 

baseband digital modulating signal to said apparatus for combing &e£^^ 
of successive portions of said^yguist-iiitered oversampling-rate estimation of the baseband d 
modulating signal in accordance with Which said selected one of said digital signals was generated. 
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41^eviously {presented). The receiver apparatus of claim 39; herein said estimation circuitry 
comprises; 

a trellis decoder also included within said decoding apparatus connected for decoding said 
decimation Slier re^onse to recover said data stream, said trcllis^fer connected to receive said 
decimation ^filter response from said decimation filter and to supply^ 
values as well as a trellis decoder response; 

a symbol coder for recoding said preliminary estimates of symbol values supplied from said 
trSMis decoder response, togenerate a baud-rate estimation of ihe baseband digital inoculating 
signal; and 

^inteiptfla^^ 

digital modulating signal an5d sup]#ying^s^^ estimation of the 

baseband digital modulating signal 3o said apparatus for computing the discrete Fourier transforms 
of successive portions of said JSJyqui^ftliered oversampling-rate estimation of the baseband digital 
AK>3ulatirig signal in accordance w ith which said selected one of said digital signals was generated. 



42(previously presented), Jhe receiver apparatus ofciann 29; wherein saidfest adajifive digital 
filter is a baseband filter conn for responding to a real component of a digital baseband signal; 
arid wherein said receive apparatus fiiriher comprises, within said apparatus for computing discrete 
Fourier transforms responsive to successive portions of said amplitude-modulated 
inteimediate^frequency carrier tibat is amptede4iK>&^ selected one of 

said digital signals and any multipatb distortion: 

a controlled oscillator -for gmer^irigin-^^ oscillations and quadratures-phase oscillations 
as components of complex oscillations; ttie fi^uency ana phase of which said complex oscillations 
are controlled % an automatic frequency and piase control signal; 

a first mixer connected for mixing said amplitude-modulated intermediate-frequency carrier 
supplied from said receiver front-en^ with saidin T pha$e oscillations to generate a first rivixer 
response; 
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a -first andogfowpass filtercoimecte^ as a respecti ve 

input signal and to supply ah aaaiog uirphase baseband signal in response thereto; 

a first analog-to-digital converter connected Tor digitizing said analog in-phase baseband 
signal to generate a ifigitaf) in-phase baseband signal sampled at an oversampfingrate tfigher Shan 
said prescribed band rate and applied io said fii^adaptive digM 
and 

apparatus for confuting said discrete Foiffier iransfoi^ successiveportions of said 
digital in^phase "baseband signal, which successive portions of said digital in-phase baseband signal 
respectively result from demodulation* of said successive portions of said amplitude-modulated 
Intermediate-frequency carrier, said first anaiog-to-digkal converter being connected to supply said 
digital in-phase baseband signal to said apparatus 1br confuting said discrete Fourier transforms 
from successive portions of said digital ia-phase baseband signal. 

43<previously presented). 31re receiver apparatus of claim 44, wherein said apparatus for 
computing said discreteffiourier ^transforms of successive portions »f c* e h data GiM of said digital 
inrphase baseband signal is of a type using a sliding window of said digital -baseband signal for such 
computation, and Wherein said apparatus for computing &e said discrete Fourier transfonns of 
success! ve portions of said ovei^am^fing^i^ estima^on is of a type using a sliding window of said 
oversampling-rate-estimation for such computation. 

44(pteviously presented). The receiver apparatus of claim 42, further comprising: 

a second mixer connected for mixing said amplitude-modulated intermediate-frequency 
earner supplied from said receiver front-aid wiih said quadrature-phase oscillations to generate a 
second mixer response; 

a second analog lowpass filter connected to receive said second mixer response as a 
respective input signal and to supply an analog quadrature-phase baseband signal in response 
thereto; 



17 



Atty.-T>*t&AimX>3A Response to 2 nd Office Action LATENT Ajjp. U t>9/823;500 

a second ana3og-to-digita] ' converter connected for <hgitizmg said analog quadrature-|3iase 
baseband signal to generate a digital quadrature-phase baseband signal sampled at said oversampiing 
rate hitter than said prescribed baud rate; 

a second adaptive digital fitter having a'kemd composed of vraghting coefficients that can 
be adjusted to be similar to sai&kerael of said first adaptive digital filter, said second 
analog-to-digital converter being connected to said second adaptive digital filter for applying said 
digital quadrature-phase baseband signal to said second adaptive digital filter as its respective input 
signal, said second adaptive digital filter supplying a second adaptive digital fitter response to its 
input signal as convolved with said kernel of said second adaptive digital filter; 

a digital-to-analog converter connected to receive as its respective 4i$put signal said second 
adaptive digital filter response from said second adaptive digital filter and connected to supply an 
ansilog response therefrom; 

a third analog Jowpass filter connected to receive as its respective input signal said analog 
response from said digital-to-analog converter arid to supply a third analog lowpass fitter response 
therefrom to said coiflrolled oscillator as sdd automatic frequency and phase control signal; 

a decimation filter connected for re-sampling said first adaptive digital fitter response to 
generate, as a decimation filter response, an in-phase digital baseband sign^ re-sampled at said 
prescribed baud rate; 

decoding apparatus connected for decoding said decimation filter response to recover a data 

stream; 

estimation circuitry responsive to said decimation filter response for generaBng an 
oversampiiiftg-rate estimation of&^baseband digital modulating signal in accordance with which 
said selected one of said digital sisals was generated*; 
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apparatus for computing the discrete Fourier transforms of successive portions of said 
oversampling-rate estimaifon of ^ accordance with vvfrich 

said selected one o f said digital signals was gener&ed, ^A:siKiees«ve^jK»fi<ms of seo3 
oversampJing-rate est^ation of baseband digital modulating signal correspond wiifti reactive 
ones of said successive portions of said digital baseband signal used for confuting discr^ 
transforms in said apparatus for computing the discrete of successive portions of 

said digital baseband signal; 

a* 

coni|)uter circuitry Tor generating discrete fourier transform characterizations of^w-actual 
reception channel through tenn^ 

^transforms of suecessiveportkms of said oversampling-rate estimation of ^baseband digital 
modulaUng3igpal J>y the discrete Fourier^ of the corce^naingpoitfonof said digital 
baseband ^ 

each of said first and said second adaptive digital fikers Arough teim^-aMTC^on&^-tCTn 
division of ea£h of the discrete f ourier transfonn chai-acterizations of die actual reception channel by 
a discrete Fourier transform characterization of an idedl reception channel and thereafter generating 
inverse discrete Fotu5ex tfansfom^ 6f ihe kernel 

desired in each of said first and said second adaptive digital filters; and 

a*arik of digital iowpass filters for smob^ing ihe terms of said inverse discrete Fourier 
transforms to spedfy die weighting coefficients irithe kernel of ea6h of said first and said second 
adaptive digital filters. 
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45^evioosly.p^seflted). ffte receiver apparatus of claim 29, furdier eomp^ 

analog-to-digita! conversion circuitry connected ±o receive as its respective input signal said 
anYplim<fe-modulated intermediate-frequency carrier from said receiver frorrt-end aaid to supj8y, at 
an oversampimg rate &q*her than said jw^cribed ratei a digitized amplitude-modulated 
intermediate-frequency earner applied as respective mput signals Jo said first adaptive digital filter 
and to said apparatus 'for computing discrete Fourier transforms responsive to recessive portions of 
said amplitude-modulated iritennexiiate^^ueney carrkar that is amplitude-modulated in accordance 
wiih said selected one of said Si^ital signals and any 

a digital controlled oscillator for supplying ai said oveisampiing M 
in^phase oscillations and quadnUnrt^phase osciik^ oscilfefi^as, &e 

frequency airfrphase of which said complex oscillations are controlled by an automatic ireguency 
and phase control signal; 

digital sym&rodyne circuitry for supplying a digital fcasekand signii in response to said first 
adaptive digital filter response, said first adaptive digital filter connected to ajpply said first adaptive 
dgjitai filter response to said digiM synchrodyne circuitry as a respective input signal thereof, said 
digital controlled oscillator connected for supplying said descriptions of said incase oscillations to 
said digital synduxxdyne circuidy for synchi^ynittg wifli^aid Brst adaptive digital filter response to 
generate a real component of said digital baseband signal at said oversam|>ling rate, said controlled 
oscillator connected for sujj33ying said descriptions of said quadrature -phase oscillations to said 
digital syncteodyne^ircutoy for synchrodyriing with said first adaptive digM fdter response to 
generate an "imaginary component of said digital ^baseband signal at said oversampling rate; 

a digital lowpass filter connected to receive said imaginary component of said digital 
baseband signal from said digital synchrodyne circuitry and connected to supply iis lowpass filter 
response to said controlled oscillator as said automatic frequency and phase control signal; 

a decimation filter connected for resampling said real component of ^said digital baseband 
signal supplied from said digital synchrodyne circuitry to generate, as a decimation filter response, a 
read component of digital baseband signal re-sampled at saidprescribed^baudTate; 



20 



Ally. T3fct. n At,ttU)3A flesponsc-to 2* Office Action LATENT Ajjp. # t>9/823 3 S00 

decoding apparatus connected for decoding said decimation filter responseto recover a data 

stream; 

estimation circultiy responsive to said decimation :filterrespdnse for generating an 

oversampltng-rate estimation df me. baseband digital modulating signal in accordance with which 

A 

said selected one of said digital signals was generated; 

a balanced amplitude modulator for modulating an oversampling-rate digital signal 
descriptive of an unmodulated ihtennedia^frequeaKy carrier by said oversampling-rate estimation 
of the baseband digital modulating signal in accordance whh which said selected one of said digital 
signals was generated, feereby to generate an oversampling-rate digital signal descriptive of a 
suppressed-carrkr (fcnibie^sideband signal, said balanced amplitude modulator connected to receive 
digital descriptions of oscillations from said digital controlled oscillator as said oversampling-rate 
digital signal descriptive of the unmodulated intennediate-frequency carrier; 

an ideaJ-channel-response vestigial-sideband filter For ^upplying a vesGgtad-sideband filter 
response to said oversampling-rate digital signal descriptive of* sttppressed-caitier double^sldeband 
signal supplied to said vestigial-sideband filter as 4ts respective input signal by a connection from 
said balanced amplitude modulator; 

apparatus for-computmg discrete Fourier transforms of successive portions of said 
vestigial-sideband filter response, which successive portions of said vestigial-sideband filter 
response correspond with respective ones of said successive portions of said amplitude-modulated 
intranediate-frequency carrier used, for computing said discrete Fourier transforms thereof; 

compute circuity for generadng discrete Fourier transform descriptions of^he kernel 

A 

desired in said first adaptive digital filter through tenn-by^rrei^nding-tenn division of each of the 
discrete Fourier transforms of successive portions of satid vestigial-sideband fitter response by the 
discrete Fourier transform of the corresponding portion of said amplitude-modulated 
intermediate-frequency carrier, and thereafter generating Inverse discrete Fourier transforms of said 
discrete Fourier transform descriptions of ihe kernel desired in said Srst adaptive digital filter; and 

a bank of digital iowpass filters for smoothing the terms of said inverse discrete Fourier 
transforms to specify fliewdj^ting coefficients in the kernel of said first adapiive digital lifter. 
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46(previously presented). Itceciv e jr apparatus for single-carrier digital modulation signals of a 
prescribed baud rate trans^ 

a medium subject to tmiitipath distortion, said receiver apparatus comprising: 

a Teceiver4n>rit-end connected fbrresponding to any selected one of said single-carrier 
digital modulation signals transmitted at radio frequencies, thereby to supply a converted digital 
modulation signal at intermediate ^frequencies; 

synchrbdyning circuitry connected for responding to said converted digital modulation signal 
to supply a first digital ^baseband signal and a second digital baseband signal, said first digital 
baseband signal resulting from synchrodyning said converted digitaJ modulation signal with an 
Intoroediate-ire^uency carrier of a leading first phasing, said second digital baseband signal 
resulting from synchrodyning said converted digital modulation signal with an 
intennediate-fiequency earner of a Jagging secemd ^askg m quadrature with saidJeading first 
phasmg, the rektive ^d of said first plying of said earner and fee relative 

lag of said second phasing of said intearmediate^fiequency carrier being adjustable in response to an 
automatic frequency anaphase control signed; 

first and second adaptive digil^ filters, eai^ having a respective kernel composed of 
wei^ifing coefficient &at can%e adjusted, said first adapfive digital filter connected to receive as its 
respective input signal said first d igital baseband signal suppiied&y said synchrodyning circuity, 
said first adaptive digital filter connected to supply a first adaptive digital filter response to its 
respective input signal, .said second adaptive digital filter connected to receive as its said respective 
input signal said second digital baseband signal supplied by said synchrodyning circuitry, and said 
second adaptive digital filter connected to supply a second adaptive digital filter response to its 
respe<&ve input signal 

a first adaptive-filter-kernel computer for computing the weighting coefficients in the kernel 
of said first adaptive digital filter, said first adaptive-filter^ computer connected to receive said 
firrt adaptive digital filter response and to receive said fet ifiptal baseband signal supplied by said 
synchrodyning Circuitry; 
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a second adaptive-filter-kemel compute' for -computing iht weighibig coefficieois in die 
'kernel of said second adaptive digital filter, said second aiiaptive-filter-keroei computer connected to 
receive said second adaptive digital filter response and to receive said second digital baseband signal 
supplied by said synchrodyning circuitry; 

apparatus for recovering a data stream from an equalized in-phase digital modulation signal 
that is formed by combining said first adaptive digital Mer re^nse ^ said second adaptive digital 
filter response in a'first way; and 

apparatus for recovering said automatic frequency and phase control signal from an equalized 

quadrature-phase digital niodulation signal thai is formed by comfbining said first adaptive digital 

filter response and said second adaptive digital/fiter response in a second way, one of sa& first and 

second ways of combining said first A dgcimati^n filter response and said second jflQoimatic i i filter 

A A 
response being additive in nature and the other being subtract ve in nature. 



47(prevjously presented). Ihereceiver apparatus of c laim 46, wherein said first 
ai^rtive-filter-kemel wmputer^ 

using discrete Courier transform ^procedures in its computations. 



48(jffeviously;pa*eserited). 3he receiver appara^ 46* v&erek said first 

adaptive-fiiter-kemel computer is operable to confute ihe discrete ^foun^r^tnmsfortns Of successive 

portions of said first digitai^baseband signal-that provide a sampling window moving fhroiffiji a . , 

succession of different positions m each *>f successive data fields^ to quantize said firsL dttiiimtion 

4 

filter response and generate therefrom a ftrst eslSmation of Ae baseband digital modulating signal In 
accordance with ^ilch said selected one of sa?d single-carrier digital modulation Signals was 
generated^ to compute-the discrete Fourier transforms ofportions of said first estimation 
corresponding to said successive, portions of said second digital baseband signal 4o ; process the 
discrete Fourier transform of ea& portion of said first digital baseband signal with the discrete 
Courier transform of the conpes^poriding portion of said first dooimatioft fi lter i^|K>ijse for generating 
a discrete Fourier transform descriptive o^*e kernel desired in said first adaptive digital fitter, 
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4o generate the inverse discrete Fourier transform of said discrete Foimertranffonndescri^ 
thekera& desired m said first adaptive digital filter, and to generate the weighting coefficients for 
&e kernel of said first adaptive digital filter by Jowpass filtering each of the terms of fte inverse 
discrete Fourier transform of said disaete Foinier transfonn descriptive of &e kernel desired in said 
first adaptive digital Filter; and 

wherein said second adaptive-filter4tem^ to compute fee discrete Fourier 

transfonns of successive^porttons of said second digitgibaseband signal fiad generatiy are 
contiguous in time; to quantize said second ^ociina t tto filter response and generate herefrom a 
secoad estimation of the baseband digital m with which said selected 

one of said single-carrier digital rnodulaiion sisals was generated, to compute the discrete Courier 
transforms 6f .portions df said second estimation corresponding to said successive ^portions of said 
second digM baseband signal, toj3rocess the discrete Fourier transfonn of ea^ portion^f said 
second digital baseband signal with the discrete Fourier transform of the <x>rte$pondHig|k^k>n of 
said second A dooimnti^ filter response for generating a discrete Fourier transform descriptive ofthe 
kernel desired in said second adaptive .digital-filter, to generate the inverse discrete Fourier transform 
of said discrete Fourier transform descriptive kernel desired in said second adaptive digital 
filter, and to generate die weighting coefficients for the kernel of said second adaptive digital filter 
toy lowpass filtering each of the terms of the inverse discrete Fourier transform of said discrete 
Fourier transform descriptive of the kernel desired in said second adaptive digital fitter 



49^>reyiously presented), ftcooivo^ apparatus for single-carrier digital modulation signals of a 
jprescribed&aud rate transmitted by respective amplitude-modulated radio-frequency earners throng 
a medium subject to muhipath distortion, said receiver apparatus comprising: 

apparatus for converting a selected one of said single-carrier digital modulation signals 
transmitted at radio frequencies to an amplitude-modulated intermediate-^freguency carrier; 
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an ar&l<^c^^ connected to receive as its respective input signal said 

amplitude-modulated intennediate-frequency carrier fiom said apparatus for converting said selected 
one of said single-canier digital modulation signals and to.supply, at an oversampling rate higher 
than said prescribed baud rate, a digitized amplitude-modulated fntermeffiate-lfirequency carrier, 

a phase-splitter connected lo receive as its respective input signal said digitized 
amplitude-modulated intennediate-frequency earner supplied from said analog-to-digital converter, 
sakiphase^plitier operate to stilly orthogonal first and second $foase-spfitler responses; 

first arid second adaptive digital filters, eadi having a respective kernel composed of 
weighting coefficients fhat can&e adjusted, said first adaptive digital fiher connected to receive as its 
respective input sigfcil said first piiase-^Utter response supplied .by said phase-splitter, said first 
adaptive digital lifter connected to supply a first adaptive digital filter response to its respective input 
signal, said second adaptive digital filter connected to receive as its said respective input signal said 

second phase-splitter response supplied by tiv^ r*mf -rplittrr n n i i plin £ n n ri log to digital 

<w»ti jimi erottitry, and said second adaptive digital filter connected to supply a second adaptive 
digital filter response to its Tespecfive input signal; 

digital syndhrodyne circuitry connected for generating at said oversatripiing rate a first digital 
baseband signal by synchrodyning said 'first adaptive digital filter response with an 
intermediate-frequency carrier of a leading first 'phasing and for generating at said oversampling rate 
a second digital baseband signal by syndnodyning said second adaptive digitatifilter response with 
an inlermedi^erifrequency .carrier -oT-a lading second phasing, the relative lead of said firsi|&asing 
of said intermediate-frequency carrier and die relative lag of said second phasing of said 
intermedi^e-frequency carrier being adjustable in response to an automatic frequency and phase 
control signal; 

a first decimation filter connected for supplying a first decimation Biter response generated 
by re-sampling to said prescribedbaud rate $ald first digital baseband signal generated by said digital 
synchrc^yne circuitry; 
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a second decimation filter connected for supplying a second decimation filter response 
generated by re-sampling to said prescribed 4>aud rate said second digital baseband signal generated 
by said digital synchrodyne circuitry; 

a first adaptTve-fiterfc^mel computer for computing the weighting coefficients in thelcernd 
of said firstadaptive digital filter, said first adaptive^fifter-ScemeJ computer connected to receive said 
first decimation filter response and to receive said first phase- splitter response supplied by said 
phase-fitter, 

a second adaptive-fiher4cernel computer for computing the wei^ting coefficients in the 
Icemel of said second adaptive digital filter, said second adaptive-filter4cerne3 computer connected to 
receive said second decimation filter response and to receive said sewnd;|*ase-splitter response 
supplied by saidij&ase-^iifter; 

^paratus for recovering a date stream from an equalized anaphase digital modulation signal 
■that is formed by combining said first decimation filter response and said second decimation filter 
response in a first way; and 

apparatus for recovering said automatic frequency and phase control signal from an equalized 
quadrature-phase digital modulation signal that is formed by combining said first decimation filter 
response and said second decimation filter response in a second way, one of said fir^t and second 
ways of combining said first decimation filter response and said second decimation filter response 
being additive in nature and the dther being subtractive in nature. 

5Q(previouSly presented). The receiver apparatus of claim 49, wherein said first 
ad^ve-fiiterfceme! computer and said second adaptive- filter-kernel computer are each of a type 
using discrete Fourier t3^slbrmpx>ced\xres in its computations. 
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f*dsettteij). fhe receiver ai^aratus of claim 49, herein said first 
adaptive-filter-kemel compute is operdhle to compu te the discrete Fourier transforms ofsuccessive 
portions of said fij^ ^lase-splitter response thatprovkle a sampiisig window nrovii^ through a 
succes^on of successive'tlata /fit&iis , to quantize ^d first decimation 

l a '\jfM3L estim^ri of &t£&^^ 



accord^ce w^ 

^enen&e^t^ modulating safa 

of saia leading fii^ phasing with said first estimation of Ihfel^^ana ^tal modulating %n#in 
accordai^e with^ftu&s^ 

j to compute 4fee discrete i^iurier 'im^sms-^p&^iomi 

#©uner ti^fc^ o^j&e kernel desntd in said: adaptive digital filter, to generate the 

inverse^ 

in said first adaptive digital filter and to generate the weighting coefficients-for the kernel of said 
first adaptive dig^lfi^^^ eadi of ihe tenns of the ihv^se di^^e : Foim€ff 

.liransform of said discr^te l^oanCT SrOT^brm descrip&ve tiff $he%ero£l deSn^-roisaid first adaptive 
digital ^filter, arid wherein said second ad^tive-filte^ 
discrete :£ou&& ^ 

:genetdlly are eon%uous ^ and generate 

therefrom a second estimation of the signal in accordance with which 

said selected one ctf said sin^^ 

second re-modulation signal %ira>dulating saM kte^inediate-frequency oar^ 

secoridflu^g^wfli said second estimation of ^el^aseband digital modulating signal in accordance 

corresponding to 

di^reteSG^er^^form of each portion of said second fhase-spiitter response^ 

^Fouri&r ^ iransfumi dfthe wne^^ sigM for g^erati^ 

discrete Fourier tramform ofJLe kernel desired in said second adaptive digital fiber, 
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to generate d 

Aeiceroei desired m said secoad adaptive di^^^ervand-to g^^ate die weaj^dogcoeSBcki^for 
ihelcerad of said second adaptive digital ^Itoby ^wj>ass ^tei^ «aeh <>f :&e ienms of the inverse 
ifiscrete^wier traaisfonn of said ^scretef^omc^ descriptive of tbe'kemei desired m said: 

seCdrid idapWe digli^ filtiir. 



52<j5reviousiy ,preserited). A method for adapting weighting coefficients for ch^^ equalization 
mmti&rtti a rScm&ma 3$m sign*] df S^ni^^ 

amjriitu^n^u^^^ channel apt to ^i^-inore Aan 

b^smission path for said digital signal, which digital sig^^^ and is 

disposed in successi ve data fields, said method compnsing the- steps of: 

estimating fh)m4^ actual wpui signal with accompanying multipath distortion thereof that is 
supplied to said channel equalization fihering \^t«e- ideal input signal supplied to said channel 
^qiriKzatioit iRtteTtiig wo^d thie absence of said accompanying 

computing respecti ve di 
signal supplied to s^d : channel equalization ^^fi 

ideal input sigi^ input signal, said successive portions of «s# said actual 

input sign of diffcremporsftions m 

<^<&tffs^ 

generating discrete Fourier transform 
1iut>u^ tenii^yH^^ division of each of ^.discrete Fourier transforms of 

; suecessvejK^<^ 

$oi£dn of aid actii^ input Signal s^pJied 16 s&d Channel ^u^i^c^ Filtering; 

computing tentative sets of wei^ting coefficients for^ 
said discrete Foiirier trarafenn specifications of said channel equalization filtering; 
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coefficients for said channel equalization filtering; and 
utilizi^ said finaJ sets of weighting coeffi^ 



534>reviou^y^res^ite^. "Whit nretfeod of ^slm S^ vite^ said Gh&n&&^ 

petfbnwd in the fime domain, and therein said step of cornpiJtmg tentative sets of wei^^ng 

of said <*araiei eqii^ 

transfonns of said discrete Fouhct 



5%reviously3>resei«ed). Hie mdfliod of ciaam 52, -whefeinsaid *&ai*ael eqaaiizatkm fikerii^is 
l^oon^ steps of: 

t^^nhsp^ ^u^iraticmfiitCTfflg to gaaerate discrete Fourier transforms 

eon^u^ the mv^^ 
suec^siveipo^ons of Said response from said channel equalization^ 
successive portion ^ 
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